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3,346,419 

SOLAR CELL MOUNTING 
lames E. Webb, Administrator of the National Aeronau- 
tics and Space Administration, with respect to an in- 
vention of Le Roy Forehand, Gardena, and William H, 
Rodner, Hawthorne, Caiif. 

Filed Nov. 29, 1963, Ser. No. 327,163 
1 Claim. (Cl. 136—89) 

The present invention relates generally to solar batter- 
ies wherein a plurality of voltaic cells or, as they are more 
commonly termed and hereafter referred to) solar cells, 
have been connected to form a solar battery having de- 
sired voltage and current characteristics. More particu- 
larly this invention relates tofthe fabrication of a bank of 
solar cells employing a new and novel means for attach- 
ing the solar cells to a base member or substrate. 

The theory and operation of solar batteries is well 
known and such batteries are in extensive use as a direct 
source of voltage as well a:,; a voltage source for charging 
storage batteries. A solar battery is usually constructed 
by positioning a plurality of solar cells adjacent one an- 
other in slightly spaced relation and electrically inter- 
connecting the solar cells to form a bank of solar cells. 
Several of these banks can be connected in series and 
parallel arrangements to form a battery having desired 
voltage and current characteristics. The fact that solar bat- 
teries are light in weight and enjoy long life and trouble 
free operation makes them particularly desirable in mis- 
sile and satellite applications wherein weight restrictions 
and reliability requirements prohibit the use of more con- 
ventional iources of voltage. Solar batteries can also be 
used as a ’power supply for portable radios, televisions, 
and, as their cost becomes less prohibitive, a source of 
electricity for home use. 

In the past the customary and usual method of fabri- 
cating solar batteries has been to attach a desired number 
of solar cells directly to a substrate or base by means of 
a suitable adhesive such as an epoxy resin. The adhesives 
used are generally of a type which remain pliable at mod- 
erately low temperatures but become stiff and brittle when 
exposed to extremely low temperatures. When extremely 
low temperatures are encountered the effects of the dif- 
ference in coefficients of expansion of the substrate and 
solar cell become important in that stresses are set up that 
result in fracture of the solar cell. In other words, when 
low temperatures are encountered, the contraction of the 
base exceeds that of the solar cell and, since the adhesive 
has become brittle and unyielding, there is nothing to com- 
pensate for the difference in contraction and forces are 
exerted on the solar cell which result in the fracture 
thereof. Inasmuch as solar batteries utilized in satellite 
and other space applications will be exposed to the tem- 
perature extremes present in a space environment it is 
quite important that this cell fracture be prevented in 
order to assure continued and reliable operation of such 
batteries. 

The fabrication of conventional solar batteries is made 
more difficult by the fact that the solar cell must be at- 
tached in a position wherein it is slightly spaced from the 
base so that there is no electrical connection therebetween. 
This positioning is difficult to obtain and/or maintain 
when the solar cell is secured directly to the base by an 
adhesive. Another problem or difficulty encountered in 
fabricating conventional solar batteries is the wiring oper- 
ation that is required on each individual solar cell in order 
to connect them in a desired parallel or series arrange- 
ment. The individual solar cells are very small and thus 
this wiring operation, which is normally done by hand, 
is tedious and time consuming and increases the difficulty 
of fabrication. 
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The present invention eliminates these problem areas 
existing in conventional solar batteries. Briefly, this is ac- 
complished by interposing an electrically nonconducting 
board member between the solar cell and the base on 
which the solar cell is mounted. The board member has 
conductor strips on the side thereof to which the solar 
cells are to be attached and the other side of the board 
member is attached to the base by means of a suitable 
adhesive. This type of construction results in a sandwich 
structure wherein the stresses generated because of the 
differences in coefficients of expansion of the solar cells 
and base are relieved and fracture of the solar cell is pre- 
vented. A further advantage of the present invention lies 
in the fact that the conductor strips eliminates the neces- 
sity for wiring on the back sides of the solar cell and thus 
eliminates a time consuming and expensive hand wiring 
operation. In addition, the presence of the electrically 
nonconducting board member effectively insulates the solar 
cells from the base. 

The foregoing and other features and advantages of 
the invention will be more readily understood by consid- 
ering the following detailed description, with reference to 
the accompanying drawing wherein: 

FIG. 1 is a side elevation illustrating in cross section, 
one cell bank of a solar battery wherein a plurality of 
solar cells are attached to a base. 

FIG. 2 is a plan view of the bank of solar cells shown 
in FIG. 1 with one of the solar cells broken away to more 
clearly show the details of construction. 

FIG. 3 is an isometric view of the bank of solar cells 
illustrated in FIGS. 1 and 2 with portions of the solar 
bank broken away to more clearly illustrate the construc- 
tion details thereof. 

FIG. 4 is a side elevation illustrating an arrangement 
of solar cells wherein the solar cells are attached in a 
shingled arrangement. 

Referring to the drawings, FIG. 1 is a cross-sectional 
view of a bank of solar cells 1 wherein a plurality of solar 
cells 2-6 are mounted on a base or substrate 8. The solar 
cells are of a well known type and each is comprised of a 
flat wafer of a suitable semiconductor material cut from 
a crystal of semiconductor material such as silicon. Base 
8 is a thin plate that supports the solar cells and provide 
a means for attaching the bank of solar cells to any de- 
sired structure or object. In order that base 8 may be 
mounted on a desired structure, such as for example a 
missile or satellite, the base is provided with brackets or 
some other mounting means (not shown) for attachment 
purposes. Base 8 is normally composed of a lightweight 
metal such as aluminum, beryllium or magnesium, how- 
ever, it can be composed of any suitable material. An elec- 
trically nonconducting board member 10 is interposed 
between the solar cells and base, and board member 10 
is attached directly to base 8 by means of a suitable ad- 
hesive 9 which remains pliable and yielding at low tem- 
peratures. Board member 10, which electrically insulates 
the solar cells from the base, is preferably made of epoxy 
glass, however, it can be composed of any suitable dielec- 
tric material. The upper surface of the board member has 
a conductor strip 12 bonded thereto for electrioally con- 
necting each of the solar cells in the bank. The conductor 
strip is usually composed of copper, but it can be of any 
other suitable conductor material The lower surface of 
each of the solar cells is provided with a metallic coating 
such as nickel, silver or platinum (not shown), applied 
by electroplating or some other suitable process. The 
coated lower surface is tinned by dipping in a solder bath 
to prepare the lower surface of the cell so that it can be 
soldered to the conductor strip. The lower surface of a 
solar cell is the negative terminal thereof and in order 
that a cell be electrically connected to an adjacent cell it 
is necessary that such a conductive coating be provided 
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on the lower surface of each cell for attaching electrical 
connections thereto. However, in the present invention 
no wiring is necessary on the bottom of the cells since 
the lower surface of each cell is soldered directly, as in- 
dicated at II, to the copper strip. The upper surfaces of 
solar cells 2-6 are the positive terminals thereof and 
these surfaces are provided with coatings 14-18 of tinted 
glass which acts as a filter to filter out infra-red and ultra- 
violet light. The presence of infra-red and ultra-violet 
light lowers the operating efficiency of a solar cell and 
thus reduces the output thereof. Therefore, in order to 
obtain maximum efficiency and output from a solar cell it 
is desirable to eliminate as much infra-red and ultra-violet 
light as possible. The upper surfaces of the solar cells, 
shown in FIGS. 2 and 3, have a connector strip 28 pro- 
vided on the edges thereof which electrically connects 
the positive terminals of each of the five solar cells. The 
conductor strip is attached by soldering so it is necessary 
that the edges of the solar cells be prepared for soldering 
by plating and tinning. Conductor strip 12 and connector 
strip 28 can be electrically connected, respectively, to ad- 
jacent banks of solar cells (not shown) by connecting 
wires 13 and 21. 

The thicknesses of the various components of each solar 
bank has been considerably exaggerated for ease of illus- 
tration and it should be understood that the solar cells 
are thin, fragile devices subject to fracture when stressed. 
Cell fracture at low temperatures becomes a serious prob- 
lem in conventional methods of fabricating solar batteries 
in which the solar cell is attached directly to the base or 
substrate by an epoxy resin or other adhesive. Cell frac- 
ture at low temperatures is caused by the relatively greater 
amount of contraction of the base as compared to the 
solar cell. Metals, aluminum for example, have a larger 
coefficient of expansion than silicon and thus expand and 
contract more in response to temperature variations. In 
attaching the solar cells to the base it has been the prac- 
tice to employ an adhesive having a coefficient of expan- 
sion intermediate that of the base and solar cells to re- 
duce the stress applied to the solar cell. This practice al- 
leviates the cell fracture problem to some extent; how- 
ever, cell fracture still results at very low ambient tem- 
peratures due to the increased contraction of the base and 
the stillness of the adhesive. 

In the present invention the stresses which would nor- 
mally be applied to the cell are applied to the epoxy 
glass board member and these stresses are not transferred 
to the solar cell, since the solar cell is bonded to the 
board member only by a relatively small solder connec- 
tion. It can be seen in FIGS. 1 and 3 that the area of each 
of the solder connections between the solar cells and 
conductor strip 12 is relatively small when compared to 
the solar cells. 

FIG. 4 is an end view that illustrates an arrangement 
of solar cells which is similar to that shown in FIGS. 1 
and 3 except that the base or substrate 23 is of stepped 
construction and the banks of solar cells 24 and 25 are 
attached to the substrate in a shingled arrangement. The 
embodiment shown in FIG. 4 is similar to that shown in 
FIGS. 1 through 3 in that an electrically nonconducting 
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board member 27 is attached to the substrate by an ad- 
hesive 29. However, in (his embodiment, the solar cell 
31 is attached directly to the nonconducting board mem- 
ber by means of an adhesive and the electrical connec- 
5 tion between the adjacent cell banks is made by means 
of connecting wire 33 which is attached at one end to tlie 
lower surface of solar cell 35 and at the other end to con- 
nector strip 37 on cell bank 25. Cell banks 24 and 25 
would each be composed of several cells electrically con- 
i 0 nected together by suitable wiring means (not shown) 
rather than a conductor strip. 

While particular embodiments of this invention have 
been shown and described, it will be obvious to those 
skilled in the art that changes and modifications may be 
made without departing from this invention, therefore, 
the scope of this invention is defined and limited only by 
the appended claim. 

What is claimed is: 

In a solar battery, the combination comprising: 

2o (a) a metal base member, 

(b) a plurality of solar cells having conductive upper 
and lower surfaces, 

(c) a rigid non-conducting glass type board member, 

(d) adhesive means to attach the lower surface of said 
25 board member to said base member, 

(e) a conducting strip having a lower surface at- 
tached directly to the upper surface of said board 
member and an upper surface connected directly 
to said lower conductive surfaces of said solar cells, 

30 (f) said nonconducting board member electrically in- 

sulating said solar cells from said base member, said 
board member’s lower surface having a coefficient of 
expansion that cooperates with said adhesive means 
so as to relieve the effect of differences in coefficients 
35 of expansion between them, and 

(g) connector means to electrically connect the upper 
surfaces of said solar cells. 
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